Azadinium is a dinophycean genus capable of producing azaspiracids (AZAs), a recently discovered group of lipophilic phycotoxins causing human intoxication via mussel consumption. Although initially described from the North Sea, the genus currently consisting of four described species is probably distributed worldwide. Here we report on Azadinium from the Shetland Islands, which are located in the northernmost part of the North Sea and are largely influenced by the Atlantic Ocean. Two strains of Azadinium were isolated from a single water sample. One strain was identified as Azadinium spinosum based on morphology and sequence data and had an AZA cell quota of about 20 fg per cell, similar to all other described strains of the species. The toxin profile consisted of AZA-1 and AZA-2 in a 2.3:1 ratio and a yet undescribed AZA of 715 Da. The other strain represents a new species and is here described as Azadinium polongum sp. nov. Like A. spinosum, but different to Azadinium obesum and Azadinium poporum, A. polongum has an antapical spine. A. polongum differs from A. spinosum by an elongated shape of the pore plate (Po), and X-plate, the location of the ventral pore, and the absence of a distinct pyrenoid with starch sheath. Molecular analysis based on SSU, LSU, and ITS sequencing supported separation of A. polongum at the species level. Detailed LC-MS analysis showed that A. polongum does not produce any known AZAs in measureable amounts.
Introduction
Public health impairment through consumption of contaminated shellfish is a major problem caused by harmful algal blooms. Among the known responsible compounds, azaspiracids (AZAs) are the most recently discovered group of lipophilic polyether toxins of microalgal origin. After a first poisoning incident in the Netherlands in 1995, azaspiracid toxins were isolated and chemically characterized from Irish shellfish (Satake et al., 1998; Ofuji et al., 1999) . Since then, AZA contamination of mussels has been a recurrent and serious problem in Ireland (Salas et al., 2011) . In addition, toxins have been observed in samples from Europe, Morocco, Chile, and Japan (Brana Magdalena et al., 2003; Taleb et al., 2006; Amzil et al., 2008; Ueoka et al., 2009; Alvarez et al., 2010; Furey et al., 2010) .
Although chemistry and toxicity of AZA were intensively studied (Twiner et al., 2008) , it took twelve years to discover a planktonic source of the toxin, a small dinophyte (Krock et al., 2009 ) identified as Azadinium spinosum Elbrächter et Tillmann (Tillmann et al., 2009 ).
The toxigenic type of this newly erected genus, A. spinosum, was initially isolated off the Scottish east coast, but was subsequently observed and isolated from Denmark (Tillmann et al., 2011) and Irish coastal waters (Salas et al., 2011) . The description of A. spinosum was soon followed by both the discovery of new species and new records of Azadinium in natural samples from various areas. First, Azadinium obesum Tillmann et Elbrächter was isolated and described from the same water sample as A. spinosum off Scotland (Tillmann et al., 2010) , indicating co-occurrence with the type. Likewise, Azadinium poporum Tillmann et Elbrächter, the third species, was isolated from the same sample as an Danish A. spinosum isolate (Tillmann et al., 2011) . Next, Amphidoma caudata Halldal, a species described with the same basic plate pattern as Azadinium (Dodge and Saunders, 1985) , was revised both by morphological and molecular data and transferred to the genus as Azadinium caudatum (Haldahl) Nézan et Chomérat (Nézan et al., 2012) , with two distinct varieties, var. caudatum and var. margalefii. Surprisingly, however, even "true" Amphidoma species and Azadinium turned out to be closely related, despite marked differences in epithecal plate pattern. This was recently shown by morphology and molecular phylogeny for the new species Amphidoma languida Tillmann, Salas et Elbrächter (Tillmann et al., 2012) , which was isolated together with an Irish A. spinosum isolate (Salas et al., 2011) and is very similar in general size and shape to species of Azadinium. Both genera Azadinium and Amphidoma are now integrated in the family Amphidomataceae Sournia.
The three available strains of A. spinosum consistently produce AZA with a reported toxin profile consisting of AZA-1 and AZA-2, indicating that the production and profile of known AZAs is a stable characteristic of the species. Other species of Azadinium have initially been reported as non-toxigenic in terms of known AZAs. However, AZA production within Amphidomataceae probably is much more complex and diverse, as recent evidence indicates the presence of new AZAs with a modified substitution pattern in A. poporum and Amphidoma languida , but toxicity of these compounds still needs to tested.
Although mainly recorded from the North Sea and adjacent areas, species of Azadinium probably have a much wider distribution. Recently, a strain assigned to the genus Azadinium was isolated from coastal waters of Korea , which is the first published report of Azadinium from the Pacific Ocean. In terms of morphology, the strain designated as A. cf. poporum by Potvin et al. (2012) is almost identical to the European A. poporum, but differs significantly in terms of sequence data. Recent reports of Azadinium from field samples include blooms in Argentina (Akselman and Negri, 2012) , a record from Mexico (Hernandez-Becerril et al., 2010) and an entry in the check list of Black Sea phytoplankton (http://phyto.bss.ibss.org.ua/wiki/Azadinium_spinosum). In addition to these coastal records, specimens of Azadinium were detected in samples collected from the open Indian Ocean (Carbonell-Moore, pers. com.). These records, taken together with the widespread records of AZA toxins, indicate a global distribution of Azadinium in general and of the toxigenic A. spinosum in particular. Here we report Azadinium from the Shetland Island, expanding the known distribution of the genus to the northernmost part of the North Sea, an area heavily influenced by the Atlantic Ocean. Two cultures were established, one representing the toxinproducing type, A. spinosum, and the other representing a new species, A. polongum sp. nov.
Material & Methods

Isolation and culture
Two isolates of Azadinium, designated as isolate SHETF6 and SHETB2, were established from a water sample collected adjacent to the Shetland Islands (60° 12.73´N and 0° 59.90´ W) during a cruise aboard the research vessel "Heincke" in May 2011. A 1-Liter Niskin bottle sample (10 m depth) was pre-screened (20 µm Nitex gauze), gently concentrated by gravity filtration using a 3-µm polycarbonate filter, and examined using an inverted microscope (Axiovert 200M, Zeiss, Germany) . Cells of Azadinium were rare in the sample and were visually pre-identified at high magnification (640X) based on general cell size and shape. Preidentified cells were isolated by micro-capillary into wells of 96-well plates filled with 0.2 mL filtered seawater. By this transfer technique, the inclusion of non-target cells is unavoidable.
Therefore, each primary well of isolation was subsequently partitioned in 10-µL quantities distributed into 20 new wells pre-filled with 0.2 mL filtered seawater. 
Light microscopy (LM)
Observation of living cells was carried out with a stereomicroscope (Olympus SZH-ILLD) and with an inverted microscope (Axiovert 200 M, Zeiss, Germany) equipped with epifluorescence and differential interference contrast optics. Light microscopic examination of the thecal plate tabulation was performed on formalin-fixed cells (1% final concentration) stained with calcofluor white (Fritz and Triemer, 1985) . The shape and location of the nucleus was determined after staining of formalin-fixed cells for 10 min with 4'-6-diamidino-2-phenylindole (DAPI, 0.1 µg mL -1 final concentration). Photographs were taken with a digital camera (Axiocam MRc5, Zeiss, Germany) connected to the inverted microscope.
Cell length and width were measured at 1000 x microscopic magnification using Zeiss Axiovision software (Zeiss, Germany) and freshly fixed cells (formalin final concentration 1%) of a culture growing at 10 °C.
3. Scanning electron microscopy (SEM)
For SEM examination of thecal plates, cells from growing cultures were fixed, prepared, and collected on 3-µm polycarbonate filters (Millipore) as described by Tillmann et al. (2010) , with the following modification: after the 60% ethanol treatment, cells were fixed in a 60:40 mixture of deionized water and seawater containing 2 % formalin for 3 h at 4 °C before dehydration. Filters were mounted on stubs, sputter-coated (Emscope SC500, Ashford, UK) with gold-palladium and viewed under a scanning electron microscope (FEI Quanta FEG 200, Eindhoven, Netherlands). Some SEM micrographs were presented on a black background using Adobe Photoshop 6.0 (Adobe Systems, San Jose, CA, USA).
Morphometric measurements
SEM photographs were used to measure pore plate dimensions of A. polongum and A.
spinosum strains SHETF6, UTHE2, and 3D9, the latter two being archived SEM pictures. The software package Statistica (StatSoft) was used to compare pore-plate measurements (Student´s t-test) for A. polongum with pooled measurements for the three A. spinosum strains and to plot values including 95% confidence ellipses.
Chemical analysis for azaspiracids
For both new isolates, an intensive analysis for the presence of AZAs was conducted.
Samples were analysed by liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) according to the methods described in detail by Tillmann et al. (2009) 
Precursor ion experiments
Precursors of the fragments m/z 348 and m/z 362 were scanned in the positive ion mode from m/z 400 to 950 under the following conditions: curtain gas: 10 psi, CAD: medium, ion spray voltage: 5500 V, temperature: ambient, nebulizer gas: 10 psi, auxiliary gas: off, interface heater: on, declustering potential: 100 V, entrance potential: 10 V, collision energy:
70 V, exit potential: 12 V.
Molecular phylogenetic analysis
The molecular analysis was conducted by the cooperation of laboratories at the LMU Munich, Germany and the IFREMER Concarneau, France. Fresh material of the strains SHETB2 and SHETF6 was sent to both of the laboratories.
In Munich, genomic DNA was extracted using the Nucleo Spin Plant II Kit (MacheryNagel, Düren, Germany) according to manufactures instructions. The complete 18S rDNA, the first two domains of the 28S rDNA (D1/D2 region) and the internal transcribed spacer (ITS), including the 5.8S rDNA were amplified using the primers listed in Tab. S1 (provided as supplementary material) and sequenced following standard protocols .
In Concarneau, two optional methods were used to obtain genomic DNA: DNA extraction from an exponentially growing culture of Azadinium isolate prior to DNA amplification or direct PCR amplification from 1 to 4 cells isolated from Lugol-fixed cultures.
For the first approach, cells from approximately 20 mL of isolate SHETB2 were harvested by centrifugation (4000 rpm, 20 min). The genomic DNA was extracted using the CTAB (Ncetyl-N,N,N-trimethylammoniumbromide) method (Doyle and Doyle, 1987) . For the second approach, cells of isolates SHETB2 or SHETF6 were respectively deposited on a glass slide, using a micropipette under the Olympus IMT2 inverted light microscope. Subsequently, the cells were placed in a drop of a sodium thiosulfate solution to decrease the inhibiting effect of the fixative on the PCR (Auinger et al., 2008) , rinsed twice in double distilled water (ddH 2 O) before transfer to a 0.2-mL PCR tube containing 3 µL of ddH 2 O and stored at -20 °C until the direct PCR. Afterwards, the 18S rDNA, 28S rDNA (D1/D2 region), and the internal transcribed spacer (ITS) including the 5.8S rDNA and COI were amplified using the primers listed in Nézan et al. (2012) . Genomic DNA was amplified in 25-µL PCR reaction containing either 1 µL of extracted DNA or isolated cells, 6.5 µL of ultrapure water, 2.5 µL of each primer (10 µM), and 12.5 µL of PCR Master Mix 1X (Promega, Madison, WI, USA) which includes the Taq polymerase, dNTPs, MgCl 2 , and reaction buffers. The PCRs were performed in a Mastercycler Personal (Eppendorf, Hamburg, Germany) as follows: one initial denaturation step at 94°C for 2 min, followed by 45 cycles each consisting of 94°C for 30s, 52°C for 1 min, and 72°C for 4 min, and a final elongation at 72°C for 5 min. The PCR products were visualized, purified and sequenced following standard protocols (Nézan et al., 2012) .
A dataset was compiled of all available Amphidomataceae sequences and a systematically representative set of dinophytes downloaded from GenBank (Tab. S2, provided as supplementary material). To avoid the effect of "long branch attractions", only taxa of similar branch length were chosen as outgroups. ''MAFFT'' v6.624b (Katoh and Toh, 2008;  freely available at http://mafft.cbrc.jp/alignment/software/index.html) was used to align the sequences automatically. The alignment is available via nexus file upon request. Phylogenetic analyses were carried out using Maximum-Likelihood (ML) and Bayesian approaches, as described in detail previously . The Bayesian analysis was performed
Results
Specimens of Azadinium were observed in concentrated whole water samples at four out of six stations along the west coast of the Shetlands and from one of these stations, two clonal cultures could be established. Cells of both cultures showed rather slow swimming speed interrupted by sudden jumps in various directions, behavioural traits previously described for members of the genus (Tillmann et al., 2009) . From the onset, however, the two isolates displayed marked physiological differences, indicating that they might represent different species: Strain SHETF6 exhibited rapid growth at 15 °C and reached high cell densities at stationary phase (about 100,000 cells mL -1 ), whereas strain SHETB2 grew much more slowly, reaching maximal cell densities of <3,000 cells mL -1 . The cultures seem to have different temperature requirements, with cell densities of SHETB2, but not SHETF6, rapidly declining when cultures were grown at 20 °C. In addition, cysts were regularly observed in cultures of SHETB2, but not SHETF6.
Morphological attributes of strain SHETF6 supported identification of this isolate as
Azadinium spinosum (Fig. 1) . Concordant with previous descriptions of the species, the cells are slender and elongated (Fig. 1 B) , with LM revealing an antapical spine and one conspicuous pyrenoid located in the epicone (Fig. 1 A) . Plate pattern, plate size and arrangement ( Fig 
Cell morphology
Cells of A. polongum are ovoid and, if at all, only slightly dorso-ventrally compressed.
The episome ends with a conspicuous apical pore complex (APC) and is slightly larger than the hyposome (Fig. 2) . The cingulum is deep and wide. Cells are generally small but quite variable in size, ranging from 10.1-17.4 µm in length and 7.4-13.6 µm in width (median length: 13.0 µm, median width 9.7 µm, n=107), with a median length/width ratio of 1.3. The large nucleus is spherical to slightly elongated and is located in the central part of the cell (Fig. 2 E) . The presumably single chloroplast is parietally arranged, lobed, and extends into the epi-and hyposome (Fig. 2) . Light-microscopy did not indicate the presence of pyrenoid (s) with starch sheath. However, cells may have a number of large starch grains as indicated by positive Lugol staining (Fig. 2 D) .
Cells of A. polongum possess delicate thecal plates, which can be readily seen in the light microscope (Fig. 2) and stained with calcofluor white (not shown). However, the plate pattern was most easily resolved by SEM (Figs. 3, 5-7) . Generally, the surface of the plates is smooth but a few pores of different sizes are irregularly scattered over the plates. The basic thecal plate arrangement was: Po, cp, X, 4´, 3a, 6´´, 6C, 5?S, 6´´´, 2´´´´, as drawn in Fig. 4 .
The apical series is composed of four plates (Fig. 5) . Plate 1´ has an ortho pattern, but slightly asymmetric, with the suture joining plate 6´´ being shorter than that joining plate 1´´ (Fig. 5 C) . In its anterior part, plate 1´ is progressively narrowed, ending in a slender tip abutting the pore plate. A ventral pore located at the border of plate 1´and 1´´ is present at the lower third level of the epitheca (Figs. 5 C, 7 G-H). This pore has a distinct outer rim that measure 0.35 ± 0.02 µm and 0.21 ± 0.01 µm (n=10) for outer and inner diameter, respectively. Comparing the lateral apical plates 2´and 4´, the left plate 4´ is slightly larger.
Both plates clearly invade the ventral area, with their tapering posterior ends pointing towards the sulcus. Dorsal apical plate 3´ is 6-sided, small, and elongated posteriorly, ending in a narrow tip that abuts the small intercalary plate 2a. Three intercalary plates are arranged more or less symmetrically on the dorsal side of the epitheca. The intercalary plates are very different in size, with the four-sided plate 2a being distinctively smaller than the two other intercalary plates (Fig. 5 A-B, D) .
Within the series of six precingular plates, plate 6´´ is the smallest. Plate 1´´ is in contact with an intercalary plate (1a) and thus contacts four epithecal plates, whereas plate 6´´ is narrower and only contacts three epithecal plates (Fig. 5) .
The hypotheca consists of six postcingular and two antapical plates (Fig. 6 A-B) . The ventrally located plates 1´´´and 6´´´ are the smallest four-sided plate 5´´´ is the largest in the postcingular series. Plate 3´´´ is in contact with both antapical plates (Fig. 6 A-B) . The two antapical plates are of markedly different size, with the smaller plate 1´´´´ slightly displaced to the left. The larger antapical plate 2´´´´ is bearing a small antapical spine that is usually accompanied by a small cluster of pores. The position of the spine is slightly variable, ranging from an axial position (e.g. Fig. 6 C) to being slightly shifted to cells right side (e.g. Fig. 3 A) .
Occasionally, the spine arise from a small bump (Fig. 7 F) .
The cingulum is wide (e.g 2.6 to 2.9 µm, Figs 3 A-B, 6 C), descending, and displaced by about half of its width. Narrow cingular lists are present. The cingulum is composed of six comparably sized plates, but plate C6 is more slender than the others (Fig. 6 C-D) . The apical pore complex (Fig. 7 A-E) is distinctly elongated, with the apical pore being round or slightly ellipsoid (Fig. 7 A-B ) and shielded by a cover plate. The pore is located in the dorsal part of an elongated pore plate, the latter having a roundish dorsal part that is considerable prolonged ventrally. A conspicuous rim borders the dorsal and lateral margins of the pore plate adjacent to apical plates 2´, 3´, 4´, but it is lacking ventrally where the pore plate abuts the first apical plate and the X-plate. When viewed from inside the cell, the Xplate is obviously slender and elongated (Fig. 7 C-E) . The X-plate has a mean length of 0.75 µm (0.65-0.83, n=7) and penetrates most of the elongated part of the pore plate. Ventrally, the X-plate abuts but does not invade the first apical plate. Occasionally, the X-plate appears to be slightly displaced into the pore plate, but is still connected to the 1´plate by a narrow slit (Fig.   7 B, D) . The X-plate has a very characteristic three-dimensional structure, with finger-like protrusions contacting the cover plate (Fig. 7 A-B) .
Growth bands are visible as faint striated rows (Fig. 5 A) present at overlapping plate margins. The plate overlap pattern was elucidated mainly from internal thecal views (see Fig.   S1 provided as supplementary material and Fig. 7 E) and is schematised in Fig. 4 C-D.
A number of deviations from the typical plate pattern shown in Fig. 4 were observed.
Although not explicitly quantified, these variations primarily consist of extra sutures between the epithecal plates, either of the precingular or apicals plates 2´or 4´. In addition, cells lacking the intercalary plate 2a or with two small intercalary plates have been recorded (Fig. S2, provided as supplementary material).
Round cysts-like cells ranging in size from about 10 to 16 µm in diameter were regularly observed in cultures of A. polongum (Fig. 8) . While cyst formation was not followed closely, the cells depicted in Fig. 8 A-C appear to represent early cysts stages. These "early cysts", as observed in LM, are completely round, golden-brown in color and densely filled with large droplets, presumably representing reserve material. Epifluorescence microscopy indicates the presence of an intact chloroplast at this stage of cyst development (Fig. 8 C) . The majority of cysts, however, are almost colorless with pale white inclusions in LM; however, fluorescence microscopy revealed different stages of pigment reduction (Fig. 8 D-E) . The outer cyst layer appears thick and smooth in LM, although very fine radiating fibers seem to be present (Fig. 8   F) . In SEM, cysts are sometimes partly covered by thecal plates (Fig. 8 G) or are covered by a dense fibrous mesh of filaments (Fig. 8 H-I ).
Morphometric analysis
The pore plates of A. polongum (strain SHETB2) and A. spinosum (strains 3D9, UTHE2
and SHETF6) showed no significant difference in width (largest left-to-right distance for the dorsal part of the Po) (Fig. 9 A) , ranging from 1-1.5 µm in both species. However, the length of the pore plate of A. polongum (2.1 ± 0.2, mean ± STD, n=65) was significantly different from that of A. spinosum (1.5 ± 0.1, mean ± STD, n=57), (t-test, p<0.001). A scatter plot of pore plate length vs. length-width ratio (Fig. 9 B) clearly separates the data points on both axes thereby underlining the difference in plate morphometry between the two species.
Toxin analysis
Using the selected reaction monitoring mode (SRM), A. spinosum SHETF6 exhibited a toxin profile of known AZAs consisting of AZA-1, and AZA-2, identical to previously isolated strains of the species. Combined cell quotas of AZA-1 and -2 from two different cultures of strain SHETF6 ranged from 19 to 22 fg per cell, with an AZA1/AZA2 ratio ranging from 1.9 to 2.8. The presence of other AZAs of known molecular mass can be excluded with a detection limit of 1.1 pg on column, corresponding to per cell detection limit of 0.008 fg. Using SRM, none of previously described AZAs were found in A. polongum at a detection limit of 1.1 pg on column (due to lower sample biomass corresponding to a per cell detection limit of 0.08 fg).
In addition, precursor ion experiments for detecting putative precursor masses of the characteristic CID-fragments m/z 348 and m/z 362 of AZAs revealed A. spinosum SHETF6 to have a previously undescribed AZA of the m/z 362 fragment type with a molecular mass of 715 Da. Peak area of this AZA accounted for 30% of the AZA-1 peak, indicating that this compound was a quantitatively important component of the A. spinosum total AZA profile.
Precursor ion scans did not give any further signals for either SHETB2 (A. polongum) or SHETF6 (A. spinosum), indicating that neither strain produced other unknown AZA variants in larger amounts. However, the precursor on mode is approximately a hundred times less sensitive than the SRM mode and strictly speaking does not allow for exact quantitative measurement. Considering a conservatively determined "detection limit" of 0.2 ng on column, this represents a cellular detection limit of unknown AZA variants of 1 fg cell -1 (A. spinosum SHETF6) or 10 fg cell -1 (A. polongum SHET B2).
Sequence data and phylogeny
The total length of the rDNA alignment for 33 taxa in total, including 15 ingroup and 18 outgroup taxa having comparable branch length, was 3351 bases long with 907 sites being parsimony informative (pi; 27%, 27.5 per terminal taxon). The SSU covered 1822 bases with 145 pi sites (8%), the ITS region 718 bases with 435 pi sites (61%) and the first two domains of the LSU covers 811 bases with 327 pi sites (40%). COI sequences showed zero to one nucleotide difference between different Azadinium species (data not shown). Tree topologies inferred from Bayesian and ML approaches were largely congruent. The best scoring ML tree is shown in 
Discussion
The occurrence of Azadinium along the Scottish coast (North Sea) (Tillmann et al., 2009; Tillmann et al., 2010) and the Irish Atlantic coast (Salas et al., 2011) , as well as a report of AZA in mussels from the north coast of Norway (Torgersen et al., 2008) (Becker and Pauly, 1996) . During our cruise, sea surface temperature was around 10 °C. Although not studied in detail, lab cultures of A. spinosum seemed to grow over a broad range of temperatures, however, best growth occurred at higher temperature (20 °C). In contrast, A. polongum grew well at 10 °C, but died rapidly at higher temperatures, indicating that this species is more stringently adapted and thus more restricted to lower temperatures.
We observed specimens of Azadinium spp. at four out of six stations along the west coast of the Shetlands, but their abundances were generally very low. As indicated by qualitative inspection of net tows and whole water samples, the plankton was generally characterized as an early post-spring bloom community, with high abundance of copepods, diatoms present in Azadinium species (round to ellipsoid pore plate, see Fig. 11 ). The difference in shape of the X-plate (elongated in A. polongum; round to ellipsoidal in other Azadinium species) might be related to the elongated shape of the pore plate of A. polongum. The X-plate also shows differences in arrangement across species. It invades the first apical plate in A. spinosum, A. obesum and A. poporum, but abuts the first apical plate in A. polongum and A. caudatum (Nézan et al., 2012) . The shape and size of the dorsal intercalary plate 2a was variable in our culture material of A. polongum (see Fig. S2 , provided as supplementary material).
Nevertheless, in its normal condition, plate 2a of A. polongum is distinctly smaller than that of other small Azadinium species and is anteriorly linked to the elongated antapical portion of plate 3´. These characteristic features are not found in A. spinosum, A. obesum and A.
poporum (Tillmann et al., 2009; Tillmann et al., 2010; Tillmann et al., 2011) and more closely resemble the configuration of A. caudatum (Nézan et al., 2012) .
The ventral pore, which is a characteristic feature of all Azadinium species, is more posteriorly positioned in A. polongum than in other species, being located in the lower third epitheca between plate 1´and 1´´. Moreover, for A. polongum, the ventral pore is clearly located on the suture and is embedded in a cavity of plate 1´ (see Fig. 7 G-H) whereas for A.
spinosum it is located within the 1´ plate and is connected to the suture of 1´ and 1´´ by a narrow slit (Tillmann et al., 2009) . Generally, the location of the ventral pore seems to be variable in Azadinium species, either on the left margin of plate 1´ (A. spinosum, A. obesum) or on the left side of the Po (A. poporum) (Tillmann et al., 2009; Tillmann et al., 2010; Tillmann et al., 2011) . In A. caudatum var. margalefii, this pore is located on the right margin of the Po whereas for the second variety, A. caudatum var. caudatum, a similar pore is situated near the posterior right margin of plate 1′ (Nézan et al., 2012) . In the closely related Amphidoma species, Kofoid and Michener (1911) reported this pore on right edge of 1′ (A. et al., 2012) . Very rarely, the position of the ventral pore has been observed to vary even within a culture. In one specimen of A. languida, the ventral pore was located in the right side of the pore plate , as in A. caudatum var. margalefii, and, in one specimen of A. poporum isolated from Korea, it was located on the left side of plate 1´ . As the function (if any) of these pores is completely unknown, we cannot speculate on the potential consequences of the apparent variability in pore location among the Amphidomataceae.
The potential affinity of a few other described Dinophycean species (Gonyaulax parva Ramsjfell, G. gracilis Schiller) to Azadinium has been discussed before (Tillmann et al., 2011) . G. parva clearly differs from A. polongum by the intercalary plates having the same size. The taxonomy of G. gracilis and specimens depicted under this name (see Tillmann et al., 2011) generally needs careful revision. At least one specimen depicted as G. gracilis by Berard-Therriault et al. (1999) probably is a species of Azadinium. It has an antapical spine but other details are not visible, and we thus cannot exclude the possibility of that specimen being A. polongum.
In terms of plate overlap pattern, the new species A. polongum exactly resembles the type A. spinosum as described by Tillmann & Elbrächter (2010) . Peculiarities in plate overlap of A.
spinosum, including 3´ overlapped by the adjacent apical plates 2´ and 4´ (see Fig. 7 E) , plate 2a overlapped by all adjacent plates, and Sa overlapping plate C6, are also present in A.
polongum (see Fig. S1 , provided as supplementary material), thus indicating a conservative plate overlap pattern for the genus. However, A. caudatum has been found to exhibit a slightly different overlap pattern of the ventral apical plates in that plate 1´ overlaps the adjacent apical plates 2´ and 4´ (Nézan et al., 2012) .
Differences in morphology between SHETB2 and SHETF6 are additionally reflected by differences in the biology/autecology of both isolates. The different growth behavior in terms of temperature requirement has been addressed above. Strikingly, final cell yield of A.
spinosum SHETF6 was much higher compared to A. polongum indicating different nutrient or carbon requirements and/or pH tolerance (Hansen et al., 2007) . Moreover, A. polongum produced cysts in culture, a feature not yet observed for other Azadinium species. However, successful isolation of A. poporum by incubating sediment samples make the presence of cyst quite likely for A. poporum. We currently know little about the nature of A. polongum cysts. SEM failed to detect any external cyst structures like paratabulation and/or archeopyle, and hatching was not observed. The reduced chlorophyll fluorescence of cysts and their long persistence in an apparently unaltered state indicate that A.
polongum cysts might allow long term survival (hypnocysts), rather than serving as temporary cysts. If true, these hypnocysts might be part of the vegetative cycle (as has been observed for Scrippsiella hangoei (J. Schiller) J. Larsen, see Kremp and Parrow, 2006) , or part of a sexual life cycle. Clearly, more data and observations are needed to clarify the whole life cycle of
Azadinium.
Separate dinophyte lineages and different sites of rDNA have contrasting evolutionary rates (Hoppenrath and Leander, 2010) . To avoid the disadvantages of single site phylogenies and to balance different rates of evolution, we combined slow sites like the SSU with quickly evolving sites like the ITSs. Various ratios of parsimony information for the regions have been demonstrated before and were confirmed here. With 61% of the positions as parsimony informative, the ITS region holds the main portion of phylogenetic information. With only 8%, the SSU seems to be much less informative. Nevertheless, for higher taxonomic analysis and the inclusion of many taxa, such slowly evolving sites are valuable to stabilize the analysis and to support the resolution of the basal nodes. In our analysis, the basal nodes and phylogenetic relationships were not resolved with high support;
however, well established taxonomic units such as the Thoracosphaeraceae (95LBS, 0.83BPP), the Gymnodinales 1 (100LBS, 1.00BPP), the Gymnodinales 2 (96LBS, 1.00BPP), and the Prorocentrales (100LBS, 1.00BPP) were distinguished.
Together with Amphidoma languida the monophyletic and maximum supported Azadinium (100LBS, 1.00BPP) forms the highly supported Amphidomataceae (99LBS, 1.00BPP) . In total, five species are now clearly distinguishable within et al., 2009; Tillmann et al., 2010; Tillmann et al., 2011; Nézan et al., 2012) , and the relatively high genetic distances of the ITS region (Tab. 1) support the species delimitations (Litaker et al., 2007) . The genetic distance of the new species Azadinium polongum (SHETB2) to the other small Azadinium species (A. spinosum, A. obesum, A. poporum, p=0.180-0.187 ) is distinctly larger than the distance among these other small species (p=0.052-0.105). SHETF6 could be added as a new strain of A. spinosum clustering to the other A. spinosum not only by morphology and toxins, but also by molecular evidence.
Toxin analysis of both Shetland-strains for known AZAs verified AZA-1 and -2 production solely for A. spinosum at a cell quota comparable to other isolates (Tillmann et al., 2009; Salas et al., 2011; Tillmann et al., 2011; Jauffrais et al., 2012) . We tested both Shetland-strains for the presence of known AZAs of both fragment types and detected only AZA-1 and-2 in A. spinosum. Although, we cannot exclude the presence of other yet unknown AZAs (in addition to the new 715 Da AZA), as the precursor ion scan method is much less sensitive than the single reaction mode (limit of detection of our measurement estimated ca. 1 and 10 fg per cell for SHETF6 and SHETB2, respectively). Patently, more analyses using larger culture volumes are needed. Nevertheless, A. polongum clearly is not toxigenic for known AZAs and thus represents another case of coexisting toxigenic and nontoxigenic species of Azadinium, as previously described for A. obesum (Tillmann et al., 2010) .
Considering the short interval since the first identification of Azadinium, the diversity of the genus has increased rapidly, with five species now described and additional new species expected. The presence of an antapical spine in small Azadinium species was hitherto restricted to A. spinosum. With A. polongum also exhibiting an antapical spine, the identification of the toxigenic species A. spinosum only by light microscopy is unfortunately no longer convenient. A. caudatum also has a spine, however of distinctly different size and shape. Fortunately, a molecular approach that can be routinely applied to a larger number of field samples has been developed to identify A. spinosum and related taxa (Töbe et al., 2013) .
This approach may thus be used to unambiguously confirm microscopic species assignments, like the assured presence of A. spinosum in the Black Sea ((http://phyto.bss.ibss.org.ua/wiki/Azadinium_spinosum) and the presence of A. cf. spinosum in Argentinean coastal waters (Akselman and Negri, 2012 
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